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Clinical crosstalk between microRNAs and gastric cancer (Review)
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Abstract. Globally, there were over 1 million new gastric
cancer (GC) patients in 2018 and GC has become the sixth
most common cancer worldwide. GC caused 783,000 deaths
worldwide in 2018, making it the third most deadly cancer type.
miRNAs are short (~22 nucleotides in length) non-coding RNA
molecules, which can regulate gene expression passively at a
post-transcriptional level. There are more and more in-depth
studies on miRNAs. There are numerous conclusive evidences
that there is an inseparable link between miRNAs and GC.
miRNAs can affect the entire process of GC, including the
oncogenesis, development, diagnosis, treatment and prognosis
of GC. Although many miRNAs have been linked to GC,
few can be applied to clinical practice. This review takes the
clinical changes of GC as a clue and summarizes the miRNAs
related to GC that have confirmed the mechanism of action in
the past three years. Through in-depth study and understanding
of the mechanism of those miRNAs, we predict their possible
clinical uses, and suggest some new insights to overcome GC.
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1. Introduction

According to the newest data of WHO, cancer ranks second
among global causes of death, cumulative amount of cancer
deaths were 9.6 million, or one in six deaths, in 2018. The
most ordinary cancers are lung, breast, colorectal, prostate,
skin and stomach cancer (Table I; https://www.who.int/).
The most ordinary deadly cancer are lung cancer, colorectal
cancer, stomach cancer, liver cancer and breast cancer
(Table II). From the above data, we can see that gastric
cancer (GC) is in the top five positions in terms of mortality.
GC has a severely bad impact on survival, constituting a
significant issue.

The cause of GC is not fully understood. At present, rela-
tively clear factors related to GC can be divided into exogenous
and endogenous factors. Exogenous factors include lifestyle
habits (e.g., low intake of fruits and vegetables, high intake
of salts, nitrates, and pickled foods, alcoholism, smoking and
obesity) (1-3), environmental factors, biological infections
[e.g., Helicobacter pylori (H. pylori) (4) and Epstein-Barr
virus infections (5,6), trauma and chronic irritation (e.g.,
chronic gastric ulcer)]. Hereditary factors (7,8) are endogenous
(Table III).

MicroRNAs (miRNAs) are non-coding RNAs of ~22 nt
nucleotides. The function of miRNAs is that they can avoid
the translation of specific mRNAs and regulate several
homeostatic and pathological processes within cells by acting
as post-transcriptional regulators binding to the 3'-untrans-
lated region (3'-UTR) of specific target mRNAs, specifically
in the MRE (miRNA recognition element) sequence (9-11).
Following deep exploration of miRNAs, it was identified
that miRNAs can regulate gene expression in many normal
and pathological cellular processes and become particularly
attractive targets in the study of malignancies, including the
study of GC. Several lines of study have verified that miRNA
expression correlates with a variety of cancers, and abnormal
expression occurs in many cancer types (12-14). Some miRNAs
also have functions similar to tumor suppressor genes (such
miRNAs are named tsmiRs) and oncogenes (such miRNAs are
named oncomiRs) (15). The target gene of miRNA determines
the role of specific miRNA. Some miRNAs could suppress
tumor by targeting oncogenes and becoming tsmiRs. However,
some miRNAs target tumor suppressor genes and become
potential oncomiRs. The latest researches have verified that
miRNAs are closely correlated with a series of oncogenesis
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and development processes as well as the clinical application
of GC (12-14). In summary, miRNAs are involved in the entire
process of GC (Figs. 1 and 2).

2. Oncogenesis of gastric cancer and miRNAs

Cancer cells can uncontrollably grow and spread affect the
body in an adverse manner. The most basic biological charac-
teristics of tumor cells are imbalance in proliferation, abnormal
differentiation, and ability to invade and metastasize. miRNAs
are involved in oncogenesis of GC (Table IV).

OncomiRs. miR-761 plays a positive role in promoting the
proliferation of human GC cells via negatively regulating
glycogen synthase kinase 3p (GSK3f) (16). miR-21-5p
directly targets pyruvate dehydrogenase Al (PDHALI) (17) and
SMAD7 (18) and suppresses PDHA1 and SMAD7, promoting
glycolysis and cell proliferation of GC. miR-23, miR-27a
and miR-24 promote GC cell proliferation via suppressing
suppressor of cytokine induced signaling 6 (SOCS6) (19).

EBVaGC is an Epstein-Barr virus-associated GC,
accounting for approximately 10% of all GC cases, and has
distinctive pathological and molecular characteristics. Tumor
protein p53 is encoded by the TP53 gene. p53 is one of the most
important tumor suppressors and is activated by DNA damage
and other stresses (20,21). EBV-miR-BART3-3p (BART3-3p)
has a high expression state in EBVaGC and directly targets the
CDS region of TP53 and inhibits PTEN to promote the prolif-
eration and inhibit the senescence of GC cells (22). PTEN
expression can affect cell apoptosis, proliferation, migration
and intracellular mitochondria and inhibit AKT phosphory-
lation and suppress tumor growth (23,24). miR-205-5p may
directly reduce PTEN expression and activity, then promote
the growth of GC (25). miR-301b-3p attenuates zinc finger and
BTB domain containing 4 (ZBTB4) expression and acceler-
ates the growth of GC cells. The knockdown of miR-301b-3p
markedly induces cell cycle arrest at G1 phase and apoptosis,
finally inhibiting proliferation in MGC-803 cells (26). TIA-1
is a protein that inhibits proliferation and promotes apoptosis
of GC cells. It was identified that TIA-1 presented a low level
in GC tissues. miR-487a can promote the progression of GC
by attenuating TIA-1 (27). RASSF1A can promote apop-
tosis via suppressing G1/S transition and cell proliferation
in GC. miR-181a could promote gastric carcinogenesis, but
RASSF1A knockdown could attenuate the effects of miR-181a
downregulation. miR-181a promotes gastric carcinogenesis
via downregulating RASSF1A. In addition, miR-181a can
upregulate CDC25A, cyclin A2 and Bcl-2, and downregulate
Bax protein expression in GC cell lines (28).

TsmiRs. H. pylori plays a very significant role in the oncogen-
esis and development of GC. CagA of H. pylori is an oncogenic
factor in the processes of GC. NLRP3 can markedly initiate
inflammation and is upregulated in GC. NLRP3 can promote
the proliferation of epithelial cells and tumorigenesis of GC. A
study identified that miR-22 is a suppressor of NLRP3. miR-22
can directly target NLRP3 and attenuate the oncogenic effects
of it in vitro and in vivo. However, H. pylori infection would
repress miR-22 expression but enhance NLRP3 expression,
and that triggers extreme proliferation of epithelial cells and

the oncogenesis of GC. miR-22 can restrain H. pylori-induced
gastric carcinogenesis via repressing NLRP3 (29). Stem
cell-like cells, termed tumor stem cells, has the potential of
self-renewal and differentiation which can produce high
amounts of proliferating progeny cells through asymmetric
division. The studies of Takaishi et al (30) and Ezeh et al (31)
have confirmed the objective existence of GC stem cells.
Relatively, miR-216a-3p could reduce the stemness of GC cells
via suppressing Wnt/f3-catenin signaling (32). It was verified
that TSPANS is a target of miR-324-5p in GC and the expres-
sion of the two changes in opposite directions. miR-324-5p
could downregulate TSPANS to reduce GC cell viability and
induce apoptosis in SGC-7901 cells (33).

MAP3KI0 is a target gene of miR-155-5p in GC cell lines.
miR-155-5p mimics markedly reduce the expression level of
MAP3KI10 proteins in AGS-1 cells. miR-155-5p could down-
regulate MAP3K 10 and then suppress GC cell proliferation and
promote apoptosis (34). miR-1297 could reduce cell division
control protein 6 (CDC6) expression to inhibit proliferation
and promote apoptosis in GC cells (35). If there is miR-187
overexpression in MGC-803 cells, the cell proliferation will
be suppressed and the cell cycle will be altered via capturing
cells in the GO/G1 phase. MAD2 mitotic arrest deficient-like 2
(MAD2L2) and stomatin (EPB72)-like 2 (STOML2) are
targets of miR-187. The expression of MAD2L2 and STOML2
is downregulated by overexpression of miR-187 in GC (36).
Ying Yang 1 (YY) is an important oncogene (37). YY1 was
confirmed that it could destabilize p53 and HIF-1 to promote
cell proliferation (38,39). Overexpression of miR-105 could
reduce cell viability and proliferation in GC. YY1 is a direct
target of miR-105, by downregulating which miR-105 has an
anti-proliferative effect (40). HDACO9 knockout or miR-383-5p
mimics both cause growth suppression and increase apoptosis
in AGS and SGC-7901 cells. Furthermore, miR-383-5p could
suppress HDACO to inhibit the cell proliferation of GC (41).

The protein kinase B (AKT1) signaling pathway promotes
cell proliferation, growth and glucose metabolism, but inhibit
apoptosis (42-44). The downregulation of miR-490-3p causes
the enhancement of cell proliferation and suppression of apop-
tosis. In addition, overexpression of AKT1 partially reversed
the effects of miR-490-3p in GC. It indicated that miR-490-3p
reduced AKTI to effect proliferation and apoptosis in GC
cells (45). In vitro, miR-124-3p reduces cell viability and plate
colony formation. In vivo, miR-124-3p suppresses tumor growth
as well. miR-124-3p has a negative effect on tumor growth by
negatively regulating SP1 and Racl in GC (46). The overexpres-
sion of miR-524-5p markedly reduces cell proliferation capacity
and induces cell cycle arrest at GO/G1 phase in GC cells.
Dual-luciferase, RT-qPCR and western blot analysis confirmed
CASP3 as a target gene of miR-524-5p. Furthermore, recovery of
CASP3 expression attenuated the negative effect of miR-524-5p
on cell growth. In conclusion, miR-524-5p suppresses cell
proliferation in GC via negatively adjusting CASP3 (47).

Using immune checkpoint blockades is a promising thera-
peutic strategy in the treatment of various human malignancies.
miR-140 is significantly reduced in Hp-positive GC. PD-L1 is
a direct target of miR-140 in GC. In addition, PD-L1 is signifi-
cantly increased in Hp-positive GC. miR-140 significantly
restrained GC cell proliferation through repressing PD-L1 (48).
FZD7 is an important co-receptor in the WNT signaling



Table I. Most common cancers diagnosed per year worldwide.

Types of cancer Number of patients

Lung cancer 2,090,000
Breast cancer 2,090,000
Colorectal cancer 1,800,000
Prostate cancer 1,280,000
Skin cancer (non-melanoma) 1,040,000
Stomach cancer 1,030,000

Table II. The most common lethal cancers worldwide.

Types of cancer Death toll
Lung cancer 1,760,000
Colorectal cancer 862,000
Stomach cancer 783,000
Liver cancer 782,000
Breast cancer 627,000
Table III. Pathogenic factors of gastric cancer.
Pathogenic factors of gastric cancer
Exogenous factors Lifestyle habits

Environmental factors
Biological factors
Trauma

Chronic irritation

Endogenous factors Hereditary factors

pathway and significantly induced by H. pylori infection in a
dose- and time-dependent manner. miR-27b overexpression
significantly inhibited H. pylori infection-induced cell prolifera-
tion and WNT signaling pathway activation in GC cells through
negatively regulating Frizzled7 (49). Downregulation of SOCS2
can inhibit cell growth and cell-cycle progression in GC but
SOCS?2 is overexpressed in H. pylori-positive tissues. miR-101
restricts cell growth and tumorigenesis of H. pylori-related GC
via repressing SOCS2 (50). FoxM1 is a critical positive regulator
of cell proliferation and directly downregulated by miR-370 in
GC. H. pylori and CagA restrain miR-370 expression, which
promotes FoxM1 expression and cell proliferation (51). miR-99b
is increased in H. pylori+ cancer samples and promotes
H. pylori-induced autophagy to play a tumor-suppressive func-
tion through the inhibition of mTOR expression (52).

3. Oncogenesis and development of gastric cancer and
miRNAs

Some miRNAs are correlated with the oncogenesis and
development of GC (Table V).
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OncomiRs. miR-718 could activate PI3K/Akt signaling,
which directly downregulates PTEN and promotes the
proliferation and invasion in GC (53). KLF2 binds to the
PTEN promoter to induce its expression. miRNA-32-5p
downregulates the expression of KLF2 to reduce PTEN and
activate the PI3K/AKT signaling to enhance the development
of GC (54). miR-21 markedly reduces PTEN level, which in
turn increases Akt phosphorylation at Thr308 and Ser473.
Conclusively, miR-21 enhances cell proliferation and migra-
tion via targeting PTEN/Akt signaling pathway in human GC
cells (55). miR-15b-3p promotes the enhancement of migra-
tion, invasion, proliferation and inhibition of apoptosis by
restraining DYNLT], and cleaved caspase-9 expression in GC.
In addition, caspase-9 induced Caspase-3 expression and then
promoted apoptosis together (56).

miR-1290 increased the proliferation and invasiveness of
GC cells via directly targeting and suppressing NKD1 (57).
As a transcriptional regulator, NKDI is a negative antagonist
of the Wnt signaling pathway, which not only upregulates the
expression of the downstream tumor suppressor gene, but
also regulates the biological behavior of a variety of tumors
in combination with the upstream related proteins (58-60).
CagA of H. pylori can promote the expression of miR-584 and
miR-1290 in an NF-«kB and Erk1/2-dependent manner, respec-
tively. miR-584 and miR-1290 can immediately inhibit Foxal
to promote EMT. It indicates that miR-584 and miR-1290
induced by CagA can enhance EMT via repressing Foxal (61).
miR-93-5p causes the occurrence of epithelial-mesenchymal
transition and enhances proliferation by repressing AHNAK
through Wnt signaling pathway in GC (62). miR-223-3p
accelerates the cell cycle transition from the G1 to the S phase,
which enhances DNA synthesis in the cell and cell prolifera-
tion. Aridla is an essential constituent subunit of SWI/SNF,
which is encoded by Aridla (63). It plays a necessary role
in the assembly of SWI/SNF complexes (64,65). Aridla is a
tumor depressor and target of miR-223-3p and miR-7641 in
GC. Thus, miR-223-3p (66) and miR-7641 (67) enhance cell
proliferation and invasion via downregulating Aridla in GC.In
addition, miR-647 could enhance proliferation, migration and
invasion through repressing TP73 in GC (68). Furthermore,
miR-223-3p/ARIDIA acxis is involved in CagA-induced cell
proliferation and migration. miR-223-3p is significantly higher
in H. pylori-positive GC tissues than that in H. pylori-negative
tissues. NF-kB/miR-223-3p/ARIDI1A axis may link the
process of H. pylori-induced chronic inflammation to GC (69).

SFRP1 and MEG3 are targets of miR-208a, which
enhances cell proliferation and invasion by passively regu-
lating MEG3 and SFRP1 in GC (70). miR-183-5p.1 plays a
positive role in the promotion of cell proliferation, migration
and invasion through repressing TPM1 and the Bcl-2/P53
signaling pathways in GC (71). c-MYB may regulate prolif-
eration, growth, differentiation and survival of many cell
types (72). The expression changes of miR-155 and c-MYB
are opposite in GC. In addition, c-MYB was a direct target of
miR-155. miR-155 was able to inhibit c-MYB, which promotes
the metastasis, growth and tube formation of vascular cells
and leads to the occurrence and development of tumors (73).
FOXO3a inhibited angiogenesis via suppressing the growth
of vascular smooth muscle (74). miR-155 is an angiogenesis
driver. It can accelerate the generation of new vessels through


https://www.spandidos-publications.com/10.3892/ijo.2021.5187

miR-223-3p,
miR-TH41

miR-183-Ep 1
i) e

OUYANG et al: CLINICAL CROSSTALK BETWEEN microRNAs AND GASTRIC CANCER

miR21 miR-222
Profiferation Migrati miR-99a-5p mR-17 f \
ral l_UL gration, S : .
Invasicn, EMT = -C e -m miR-25 mR-214 miR501 miR-208a
. | miR-1248 | miR-T18 miR-150-3p
=) () [ T 0
[wnzmee | [onsn | [ mir2zs | \ﬁ ﬂ/ L )
. 1 Prognosis of
O D
Qe and | ) e

[ Femaa | [Cewave ]
= T
| minase | | v |

L

Figure 1. The regulatory mechanisms of oncomiRs in gastric cancer.
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Figure 2. The regulatory mechanisms of tsmiRs in gastric cancer.

inhibiting Forkhead box O3 (FOXO3a) protein (75). Similar
to miR-155, miR-130a also activates angiogenesis of GC
cells through repressing c-MYB in vascular endothelial
cells (76). H. pylori increased the expression of miR-543
in GC and increased miR-543 induced by CagA is a strong
promoter of cell proliferation, migration, and invasion via
SIRT1. miR-543 significantly restrained SIRT1 in GC (77).

miR-222-3p aberrantly upregulates in GC. miR-222-3p is
significantly upregulated in the H. pylori (+) group and
homeodomain-interacting protein kinase 2 (HIPK?2) is a novel
target of miR-222-3p in GC. HIPK?2 levels were decreased
in H. pylori (+) GC patients. miR-222-3p overexpression
promoted the proliferation and invasion via repressing HIPK?2
in GC infected by H. pylori (78).
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Table I'V. The roles of miRNAS in oncogenesis of gastric cancer.
The relationship between
miRNAs Targets/signaling miRNA and targets/pathway (Refs.)
OncomiRs miR-761 GSK3p Negative (16)
miR-21-5p PDHAL, Negative (17)
SMAD7 Negative (18)
miR-23, miR-27a, miR-24 SOCS6 Negative (19)
EBV-miR-BART3-3p TP53 Negative (22)
PTEN
miR-205-5p PTEN Negative (25)
miR-301b-3p ZBTB4 Negative (26)
miR-487a TIA-1 Negative 27
miR-181a RASSFIA Negative (28)
miR-22 NLRP3 Negative 29)
miR-216a-3p Wnt/p-catein signaling Negative (32)
miR-324-5p TSPANS Negative (33)
miR-155-5p MAP3K10 Negative (34)
miR-1297 CDC6 Negative (35)
miR-187 MAD2L2 Negative (36)
STDML?2
TsmiRs miR-105 YY1 Negative (40)
miR-383-5p HDAC9 Negative 41
miR-490-3p AKTI1 Negative 45)
miR-124-3p SP1 Negative (46)
Racl
miR-524-5p CASP3 Negative 47
miR-140 PD-L1 Negative (48)
miR-27b FzZD7 Negative 49)
miR-101 SOCS2 Negative (50)
miR-370 FoxM1 Negative on
miR-99b mTOR Negative (52)

TsmiRs. miR-133b may become a tumor suppressor because of
repressing the proliferation and invasion of GC cells through
affecting ATP citrate lyase (ACLY) and peroxisome prolifer-
ator-activated receptor-y (PPARY) in GC, which inhibits ACLY
and increases the levels of nuclear PPARy (79). IGFBPI is a
target of miR-519a and they have an inverse relationship in GC
cells. Therefore, miR-519a could suppress the proliferation,
migration and invasion of GC cells via attenuating IGFBP1 (80).
Similarly, SIO0A16 is a target of miR-6884-5p and they have an
opposite relationship in GC tissues and cell lines. miR-6884-5p
inhibited the proliferation, invasion and EMT via attenuating
S100A16 expression (81). Presenilin 1 (PSENI) was a direct
target of miR-133a, the suppression of which would abolish the
promoting functions of miR-133a suppression on cell growth
and metastasis. miR-133a represses GC cell growth, migration,
and epithelial-mesenchymal transition by attenuating prese-
nilin 1 (82). In addition, miR-6852 could attenuate forkhead
box J1 (FOXIJI) to suppress cell proliferation and invasion
in GC (83). Upregulation of miR-153 in the GC SNU-5 cells
repress cell proliferation, migration and invasion. The expres-
sion of Kruppel-like factor 5 (KLFY) is negatively regulated by
miR-153 in SNU-5 cells (84).

miR-200a-3p overexpression increases the G1/S cell ratio
and attenuates cell proliferation and colony formation and
directly interacts with the 3'-UTR of KLF12. However, there
is a negative correlation between miR-200a-3p and KLF12.
These indicated that miR-200a-3p repressed cell proliferation
via downregulating KLF12 (85). miR-520a-3p could markedly
inhibitthecell proliferation,invasionand migrationof SGC-7901
and MGC-803 cell lines. Spindle and kinetochore-associated
2 (SKA2) is a target gene of miR-520a-3p. miR-520a-3p plays
a tumor suppressor effect via down-regulating SKA2 in GC
cell lines (86). miR-454 could target zinc finger E-box-binding
homeobox 1 (ZEB1) and repress its expression. Therefore,
miR-454 attenuates the proliferation, migration and invasion
by repressing ZEBI1 in GC (87). EPS8 is downregulated by
miR-345 and Racl signaling is its downstream. miR-345
could attenuate migration and the stem-like cell phenotype
via inactivation of Racl by down-regulating EPS8 in GC (88).
Overexpression of miR-495 suppressed cell proliferation and
migration of GC, which could promote caspase-3/-9 and Bax
protein expression and suppress cyclin D1 protein expression
and the PI3K/Akt/mTOR pathway (89). In addition, overex-
pression of miR-375 attenuated the AKT/mammalian target
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Table V. The roles of miRNAs in both oncogenesis and development of gastric cancer.

The relationship between

miRNAs Target/signaling miRNA and target/pathway (Refs.)
OncomiRs miR-718 PI3K/Akt signaling Positive (53)
PTEN Negative
miR-32-5p KLEF2 Negative 54)
PTEN
PI3K/AKkt signaling Positive
miR-21 PTEN, Negative (55)
PI3K/Akt signaling Positive
miR-15b-3p DYNLTI Negative (56)
Caspase-9
Caspase-3
miR-1290 NKD1 Negative (57,61)
Foxal
miR-584 Foxal Negative 61)
miR-93-5p AHNAK Negative (62
miR-223-3p
miR-7641 ARIDIA Negative (66.,67)
miR-647 TP73 Negative (68)
miR-208a MEG3 Negative (70)
SFRP1
miR-183-5p.1 TPM1 Negative (71)
Bcl-2/P53
miR-155 C-MYB Negative (73)
VEGF
FOXO03a Negative (75)
miR-130a c-MYB Negative (76)
miR-543 SIRT1 Negative (77)
miR-222-3p HIPK?2 Negative (78)
miR-133b ACLY Negative (79)
PPARY Positive
miR-519a IGFBP1 Negative (80)
TsmiRs miR-6884-5p S100A16 Negative 81)
miR-133a PSEN1 Negative (82)
miR-6852 FOXJ1 Negative (83)
miR-153 KLF5 Negative (84)
miR-200a-3p KLF12 Negative (85)
miR-520a-3p SKA2 Negative (86)
miR-454 ZEBI1 Negative (87)
miR-345 EPSS8 Negative (88)
Racl signaling
miR-495 Caspase-3 Positive (89)
Caspase-9
Bax
PI3K/Akt/mTOR Negative
Cyclin D1
miR-375 Akt/mTOR signaling Negative (90)
AK?2-STAT3 signaling Negative on
miR-1915 RAGE Negative 92)

of rapamycin signaling pathway to suppress the proliferation
and migration of GC cells (90). In addition, miR-375 repressed
H. pylori-induced gastric carcinogenesis by attenuating

JAK2-STAT3 signaling (91). miR-1915 was under-expressed
but RAGE was overexpressed in H. pylori-infected GC
tissues and cells. Overexpression of miR-1915 restrains the
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Table VI. The roles of miRNAs in development of gastric cancer.
The relationship between
miRNAs Target/signaling miRNA and target/pathway (Refs.)
OncomiRs miR-574-5p PTPN3 Negative (93)
miR-21-5p SMAD7 Negative 94)
TGF-B/SMAD signaling Positive (94)
miR-196a-1 SFRP1 Negative 95)
miR-192/215 RABI11-FIP2 Negative (96)
miR-29a-3p A20 Negative 7
miR-761 Ras Negative (98)
RIN1
miR-28-5p AKT Negative (99)
miR-337-3p ARHGAPI10 Negative (101)
miR-449¢ PFKFB3 Negative (104)
miR-711 CD44 Negative (105)
TsmiRs vimentin
E-cadherin Positive
miR-203 Annexin A4 Negative (106)
CASK Negative (107)
miR-217 PTPN14 Negative (108)
miR-381 SOX4 Negative (109)
miR-143-3p AKT2 Negative (110)
miR-30a COX-2 Negative (111)
BCL9

proliferation, invasion, and migration of H. pylori-infected GC
by repressing RAGE (92).

4. Development of gastric cancer and miRNAs

Some miRNAs are correlated with the development of GC
(Table VI).

OncomiRs. miR-574-5p bound to the 3'-UTR of protein tyro-
sine phosphatase non-receptor type 3 (PTPN3) mRNA, which
represses PTPN3 to enhance phosphorylation of p44/42 MAPKs
and promote angiogenesis in GC (93). Peritoneal mesothelial
cells (PMCs) promoted peritoneal metastasis of GC cells via
mesothelial-to-mesenchymal transition (MMT), which provides
a convenient environment for metastatic GC cells. miR-21-5p
could repress SMAD?7 expression and induce MMT of PMCs
and promote tumor peritoneal metastasis through activation of
TGF-f/SMAD pathway (94). SFRP1 is one of the antagonists of
the Wnt/p-catenin signaling pathway, the 3-UTR of which could
bind miR-196a-1. Therefore, miR-196a-1 plays a positive effect
in promoting GC cell invasion and metastasis by repressing
SFRPI (95). RAB11-FIP2 is a target of miR-192/215 that affects
the establishment of cell polarity and tight junction formation in
GC cells via attenuating RAB11-FIP2 (96). Similarly, H. pylori
infection can upregulate the expression of miR-29a-3p in GC,
while A20 expression is decreased in H. pylori-positive gastric
mucosa tissues. miR-29a-3p can enhance the migration of gastric
epithelial cells. A20 is a direct target of miR-29a-3p and the
miR-29a-3p mimic significantly blocked A20 expression. The

miR-29a-3p is a tumor promotive miRNA and enhances migra-
tion through directly repressing A20 gene in H. pylori-infected
GC (97).

TsmiRs. miR-761 suppressed the expression of Ras and Rab
interactor 1 (RIN1) to play a repressive role in the metastasis
of GC (98). miR-28-5p, a tumor suppressor, represses the
phosphorylation of RAC serine/threonine protein kinase
(AKT) that affects invasion and metastasis to inhibit GC cell
migration and invasion (99). ARHGAPIO has a passive effect
in regulating the small G protein Rho- and Cdc42-mediated
downstream signal transduction (100). miR-337-3p bound
to the 3'-untranslated region of ARHGAPI10 and repressed
the mRNA and protein levels of ARHGAPIO to attenuate
gastric tumor metastasis (101). It has been reported that
PFKFB3 was a versatile protein in human cancers (102,103).
It is a cancer-promoting protein and a target of miR-449c.
Overexpression of PFKFB3 abrogates the inhibitory effect of
miR-449c on the migration and invasion of GC cells (104).
miR-711 could repress vimentin protein expression but
upregulate E-cadherin protein expression, which causes the
downregulation of CD44 to inhibit EMT of GC cells (105).
In GC tissues and cell lines, the expression changes between
miR-203 and Annexin A4 are opposite and the invasion
and EMT are suppressed by overexpression of miR-203 via
repressing Annexin A4 (106). In addition miR-203 is also a
tumor suppressor in H. pylori-related GC via repressing CASK
expression (107). PTPN14 is a target of miR-217. miR-217
abrogated PTPN14 expression by directly targeting its 3'-UTR
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and epithelial-to-mesenchymal transition, metastasis and
invasion through repressing PTPN14 in GC (108). SRY-Box 4
(SOX4) plays a stimulatory effect on epithelial-mesenchymal
transition in GC. miR-381 could abrogate migration and inva-
sion in human gastric carcinoma via downregulating it (109).
A study identified that miR-143-3p was significantly increased
in H. pylori-positive GC tissues but decreased in GC tissues
and cells. AKT2 is a certain direct target of miR-143-3p and
they have an opposite relationship. Knockdown of miR-143-3p
can promote AKT2 expression. miR-143-3p acts as a novel
tumor suppressive miRNA via repressing migration and inva-
sion by directly targeting AKT?2 gene (110). A study identified
that miR-30a acts as a tumor suppressor to inhibit migration
of H. pylori-infected GC by double-restraining COX-2 and
BCLO (111).

5. Diagnosis of gastric cancer and miRNAs

Some miRNAs could become potential diagnostic candidates
during the early stage of GC (Table VII).

OncomiRs. miR-21 and miR-222 present high expression state
in GC plasma (112). The signet-ring cell carcinoma (SRC) is
one of the histological subtypes of GC, which has strong intru-
sion capability and always occurs in terminal patients. who
present high miR-99a-5p expression of SRC (113). Compared
with normal tissues and cells, the levels of miR-17 and
miR-25 are significantly high in the GC tissues and cells. The
phenomenon can be seen at an early stage and is helpful for the
detection of GC (114). In GC patients, the level of miR-214 and
tumor size, lymphatic metastasis, TNM stage, CEA expression
and CA19-9 expression were positively correlated. miR-214
is an independent factor affecting patient diagnosis (115).
Overexpression of exosomal miR-1246 in serum often occurs
in GC patients. ROC analysis verified that circulating exosomal
miR-1246 expression could be a good index for distinguishing
GC patients from healthy controls (12).

TsmiRs. Kaplan-Meier survival analysis is a common method
used to determine whether a certain miRNA can become a
diagnostic marker. miR-181b-5p is significantly decreased in
GC-associated malignant ascites (116). Compared with normal
tissues, miR-551b-5p emerged a low expression state in GC
tissues. Furthermore, it is verified that the downregulation of
miR-551b-5p indicates the appearance of GC by serum miRNA
microarray analysis (117). As with the miRNAs mentioned
above, miR-133b (114) and miRNA-381 (118) were markedly
decreased in GC patient groups compared with normal cases.
In addition, these miRNAs are associated with lymph node
metastasis and the development of GC. Thus, miR-133b and
miR-381 are potential candidates for the diagnosis in GC
patients in the early stage.

6. Treatment of gastric cancer and miRNAs

Some miRNAs can be used to treatment GC patients
(Table VIII).

OncomiRs. miR-501 directly regulates BLID at the post-tran-
scriptional level in multiple GC cell lines. Furthermore,

Table VII. The roles of miRNAs in diagnosis of gastric cancer.

Expression in

miRNAs gastric cancer  (Refs.)
OncomiRs ~ miR-21, miR-222 Upregulate (112)
miR-99a-5p Upregulate (113)
miR-17, miR-25 Upregulate (114)
miR-214 Upregulate (115)
miR-1246 Upregulate (12)
miR-181b-5p Downregulate (116)
TsmiRs miR-551b-5p Downregulate (117)
miR-133b Downregulate (114)
miR-381 Downregulate (118)

in doxorubicin-resistant GC SGC7901/ADR cells, endog-
enous miR-501 was higher but BLID was lower than parental
SGC7901 cells. miR-501 could therefore become a tumor
suppressor because it inhibited GC cell apoptosis and enhanced
cell proliferation, migration, and invasion to induce resis-
tance to doxorubicin. The suppression of BLID by miR-501
subsequently inactivates caspase-9 and caspase-3 and phos-
phorylation of Akt (119). In a similar manner to miR-501 and
BLID, miR-17 presents high expression but DEDD presents
low expression in GC. DEDD is a target gene of miR-17. In a
study, it has been verified that miR-17 could induce resistance
to cisplatin or 5-Fu and suppress cell apoptosis via repressing
DEDD in GC cells (120). Cell death occurs in various
ways, including ferroptosis which is induced by lipid-ROS
in an iron-dependent manner. However, miR-522 inhibited
ferroptosis by targeting ALOX15 and repressing lipid-ROS
accumulation in cancer cells. Cancer-associated fibroblasts
(CAFs) secretes various bioactive substances to promote
tumor progression and drug resistance including exosomes. In
addition, CAFs secrete miR-522 in the tumor microenviron-
ment and consequently promote acquired chemo-resistance
by suppressing ferroptosis in GC (121). miR-21 is a typical
oncomiRNA, the overexpression of which is ordinary in GC
cells. Phosphatase and tensin homolog (PTEN) is a typical
tumor suppressor that passively regulates the Akt/PKB
signaling pathway by repressing phosphoinositide 3-kinase
(PI3K), a target of miR-21 in cancer cells (122,123). miR-21
enhances the chemo-resistance of DDP and curcumin, as
well as tumor growth, migration and invasion via abrogating
autophagy through the miR-21/PTEN/PI3K/Akt/mTOR
pathway in GC cells (124,125). Overexpression of miR-4295 is
relevant to the higher expression of EGFR, PI3K, Akt, p-PI3K
and p-Akt and the lower expression of LRIG1 in GC cells.
In addition, miR-4295 directly targets LRIGI. In a recent
study, it was confirmed that miR-4295 could activate the
EGFR/PI3K/Akt signaling pathway via negatively regulating
LRIGI expression, which then promoted cell proliferation and
abrogated apoptosis-induced DDP in GC cells (126).

miR-96 repressed the post-transcriptional expression
of FOXOIl. Subsequently, the downexpression of FOXO1
led to downregulation of transcriptional activity of the
cyclin-dependent kinase inhibitor 1A (CDKNI1A, also known
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Table VIII. The roles of miRNAs in treatment of gastric cancer.

The relationship between

miRNAs Target/Signaling miRNA and target/pathway (Refs.)
OncomiRs miR-501-5P BLID Negative (119)

miR-17 DEDD Negative (120)

miR-522 ALOX15 Negative 121)

miR-21 PTEN Negative (122,123)
PI3K/Akt/mTOR signaling Positive (124,125)

miR-4295 LRIG1 Negative (126)
EGFR/PI3K/Akt signaling Positive (126)

miR-96 FOXO1 Negative (127)

miR-106a-3p JAK?2/STAT3 signaling Positive (128)
SOCS

miR-135b-5p KLF4 Negative (129)

miR-20a MICA Negative (131)

miR-141 KEAPI1 Negative (132)

miR-155-5p GATA3 Negative (133)
TP53INP1

TsmiRs miR-362-5p SuUZ12 Negative (134)

miR-200c ERCC3 Negative (135)
ERCC4

miR-145 MEK/ERK signaling Negative (136)
NF-«B signaling

miR-876-3p TMED3 Negative (137)

miR-320a [-catenin ABCG2 Negative (138)

miR-4496

Table IX. The roles of miRNAs in prognosis of gastric cancer.

increasing the level of SOCS family, which induced resis-
tance of Apatinib (128). H. pylori infection could induce the

miRNAs (Refs.)  secretion of many substances in GC, including miR-135b-5p.

miR-135b-5p abrogates KLF4 expression by directly targeting

OncomiRs miR-501-5p (119) " jts 3-UTR to induce cisplatin resistance in H. pylori GC
miR-208a (70) cells (129). NK cells could directly kill tumor cells, and

miR-713 (53)  NKG2D plays an essential role in mediating the anti-tumor

miR-15b-3p (56) immunity of NK cells. NKG2D specifically binds to its

miR-519a (80) ligand MICA (MHC class I chain-related protein A), trans-

miR-153 (84) mits an activation signal through an adaptor protein (DAP10

miR-187 (36) or DAP12), and mobilizes particles containing perforin and

TsmiRs miR-345 (88) granzyme B to connect with tumor cells to cause the tumor
miR-28-5p (99) cells to lyse to exert antitumor effects. MICA suppressed

miR-124-3p (46) the immune-evasion Qf GC ce.lls. However., miR-20a could

miR-383-5p @l repress MICA expression by directly targeting MICA (130).

as p21) promoter region. Consequently, the expression of p21
would be downregulated in a tumor protein pS3-independent
manner. It was recently identified that the induction of miR-96
could cause chemoresistance and promote proliferation via
repressing FOXOI and p21 in SGC7901 cells (127). Apatinib
is a common chemotherapy drug used in the treatment of GC.
miR-106a-3p actived Janus-Activated Kinase 2 (JAK2)/Signal
Transducer and Activator of Transcription 3 (STAT3) by

Upregulation of miR-20a could promote the harmful effect
of Docetaxel on abrogation of MICA to repress the curative
effect of Docetaxel (131). To some extent, H. pylori infection is
good for the treatment of GC. H. pylori infection significantly
downregulates miR-141. Knockdown of miR-141 expression
significantly improves cisplatin sensitivity via suppressing
KEAPI1. KEAPI is a direct target of miR-141 (132).

TsmiRs. miR-155-5p has a large number of targets, which
includes GATA binding protein 3 (GATA3) and tumor protein
p53 inducible nuclear protein 1 (TPS3INP1). miR-155-5p could
interact with their 3'-untranslated regions. Exosome miR-155-5p
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can induce EMT and the transition of chemo-resistant pheno-
types from paclitaxel-resistant GC cells to the sensitive cells,
the mechanism of which may is that miR-155-5p suppresses
the expression of GATA3 and TP53INP1 (133). Suppressor of
zeste 12 protein (SUZ12) is one of the targets of miR-362-5p. It
is relevant to the stimulatory effect of miR-362-5p on cisplatin
sensitivity of GC cells. In a recent study, it was verified that
miR-362-5p could promote cisplatin sensitivity via repressing
SUZ12 (134). Numerous miRNAs are relevant to reversal of
drug resistance in human GC cells. miR-200c is a miRNAs
whose overexpression may reverse drug resistance in the
SGC7901/DDP GC cell line via repressing ERCC3 and ERCC4
through the NER-ERCC3/4 pathway (135). Lidocaine is an
anti-cancer chemotherapy drug which abrogates the viability,
proliferation, migration, and invasion of GC cells. miR-145
plays a positive role in promoting the effect of lidocaine on
GC cells. It was confirmed that lidocaine could have a stronger
inhibitory action via up-regulating miR-145 expression which
further inactivates the MEK/ERK and NF-«xB signaling path-
ways (136). TMED3 is one of the direct targets of miR-876-3p.
miR-876-3p inhibitor may significantly increase mRNA and
protein expression of TMED3, which represses cisplatin
sensitivity and restricts stem cell-like features of GC (137).
miR-320a and miR-4496 attenuate H. pylori cytotoxin-asso-
ciated gene A (CagA)-induced chemoresistance by repressing
B-catenin and ATP-binding cassette, subfamily G, member 2
(ABCG2) (138).

7. Prognosis of gastric cancer and miRNAs

Some miRNAs could serve as potential prognosis targets for
GC patients (Table IX).

OncomiRs. Some miRNAs are abnormally expressed in
patients after treatment and these abnormal expressions can
become indicators of poor prognosis. miR-501 presents a
high expression state in patients with poor prognosis, thereby
making it an indicator thereof (119). Kaplan-Meier analysis is
also used to discern indicators of poor prognosis. Kaplan-Meier
analysis confirmed that overexpression of miR-208a was
obviously associated with shorter overall survival (OS)
time. Furthermore, univariate and multivariate Cox analysis
revealed that lymph node metastasis, TNM stage and higher
miR-208a were independent risks factors of OS time (70). In
conclusion, miR-208a is another indicator of poor prognosis
of GC. Similarly, miR-718 (53) and exo-miR-15b-3p (56) are
upregulated in patients with poor prognosis and indicators of
worse overall survival and poor prognosis.

TsmiRs. There is no doubt that there are some miRNAs
abnormally expressed in patients after treatment and these
abnormal expressions can become indicators of good prog-
nosis as well. Increased expression of miR-519a is relevant
to the good overall survival of GC patients and is identified
as an independent prognostic biomarker for the patients (80).
miR-153 (84) and miR-187 (36) are reduced in GC patients
with aggressiveness and poor prognosis. Furthermore,
downregulation of the two miRNAs is correlated to cell
differentiation, TNM staging and poor prognosis in GC
patients. These miRNAs could also be indicators of good

prognosis in GC patients after treatment. As with miR-153
and miR-187, GC patients with a stronger expression of
miR-345 have a better prognosis (88). Compared with GC
patients with lower miR-28-5p expression, patients with
higher expression have a longer overall survival time and
good prognosis, as indicated via the Kaplan Meier survival
curve analysis (99). Kaplan-Meier analysis also revealed that
the downregulation of miR-124-3p (46) and miR-383-5p (41)
correlates with advanced clinical stage, larger tumor size,
lymph node metastases and shorter OS time. Furthermore,
multivariate Cox proportional hazards regression analyses
revealed that miR-124-3p and miR-383-5p were independent
prognostic factors for predicting the prognosis of GC patients
after treatment.

8. Conclusion and future perspectives

The relationship between miRNAs and GC is very close,
miRNAs can be divided into oncomiRNA and tsmiRNA.
miRNAs correlate with the entire clinical course of GC, but
currently there are not many miRNAs that can be truly used
in clinical practice. Since the specific mechanism of most
miRNAs is not yet clear, the current review uses the clinical
process of GC as a clue to comprehensively elaborate the latest
miRNAs with specific targets or pathways and GC research
results, which are of great significance for the prevention,
diagnosis, treatment and prognosis of GC. As miRNAs are
relevant to various tumors, this review can also provide ideas
for other tumor research.
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